There is now evidence that anticancer chemotherapy can promote various multiple immunomodulatory effects. Multiple reports have indeed underlined how some drugs can stimulate tumor-specific cytotoxic T lymphocytes, either by inhibiting immunosuppressive cells such as regulatory T cells (Tregs),[@R1] either by inducing cancer cell death in an immunogenic fashion[@R2]^--^[@R4] or by facilitating the recognition of neoplastic cells by the immune system.[@R5]. However, in some cases, anticancer chemotherapy can have opposite effects on the immune system. For instance, 5-fluorouracil can kill tumor-supporting myeloid-derived suppressor cells (MDSCs), hence exerting antineoplastic effects, while promoting the accumulation of T~H~17 CD4^+^ T cells, which generally favors tumor relapse.[@R6]^,^[@R7]

Different anticancer agents, including radiotherapy, anthracyclines and oxaliplatin, have been reported to induce immunogenic cell death (ICD), a particular type of cellular demise characterized by specific pathognomonic hallmarks, i.e., the establishment of endoplasmic reticulum (ER) stress, the exposure of ER proteins such as calreticulin and ERp57 on the cell surface, the activation of autophagy and the secretion of ATP. [@R2]^--^[@R4]^,^[@R8]

We recently decided to study the immunomodulatory potential of bleomycin (BLM).[@R9] BLM is indeed known to stimulate the production of reactive oxygen species (ROS), which may facilitate ICD via the activation of the ER stress response. Moreover, BLM causes DNA breaks, in thus far resembling other ICD-inducing agents like radiotherapy. Finally, at least in a fraction of patients, BLM-based therapeutic regimens have been associated with cure (long-term patient survival), which may be indicative of the establishment of an efficient immunosurveillance against persisting neoplastic lesions. So, we hypothesized that the administration of BLM could be immunogenic.

We found that BLM can induce ROS-dependent ER stress, calreticulin and ERp57 exposure on the cell surface, autophagy and ATP release, in vitro. Moreover, we found that BLM-treated cancer cells administered to mice can stimulate a T~H~1-biased immune response that resembles that elicited by malignant cells succumbing to the classical ICD inducer doxorubicin. Conversely, BLM treatment caused no meaningful alteration in cells of the innate immune system, such as natural killer or dendritic cells. Finally, we were able to demonstrate that the in vivo antineoplastic response to BLM relies on the presence of calreticulin in cancer cells and CD8^+^ T lymphocytes in the host.[@R9] Taken together, these results indicate that part of the antitumor effects of BLM relies on this capacity to trigger ICD.

The systematic immunomonitoring of BLM-treated mice showed that BLM causes the accumulation of regulatory T cells (Treg). In particular, we found that BLM-treated cancer cells secrete transforming growth factor β(TGFβ), which stimulates Treg proliferation in vitro and in vivo. In line with this notion, CD4^+^ T-cell or Treg depletion, as well as the inhibition of TGFβ, strongly enhanced the antitumor effects of BLM \[9\].

We therefore propose a model in which BLM causes robust antitumor responses while promoting immunosuppression ([Fig. 1](#F1){ref-type="fig"}). Thus, in addition to exerting direct cytotoxic effects on malignant cells, BLM activate immunomodulatory circuitries that may increase or decrease its efficacy.

![**Figure 1.** Immunomodulatory activities of bleomycin. Bleomycin (BLM) stimulated the production of reactive oxygen species (ROS), thus favoring the establishment of endoplasmic reticulum (ER) stress, the exposure of calreticulin (CRT) and ERp57 on the cell surface, the activation of autophagy and ATP secretion. Cancer cells succumbing in this fashion are immunostimulatory, and hence favor the elicitation of a tumor-specific immune response mediated by interferon γ-producing CD8^+^ T lymphocytes, de facto boosting the antineoplastic activity of BLM. However, BLM also favors the secretion of transforming growth factor β (TGFβ), which promotes the accumulation of regulatory T cells (Treg). By inhibiting CD8^+^ T lymphocytes, Treg can abolish the immunostimulatory activity of BLM-induced immunogenic cell death, thus limiting therapeutic responses.](onci-2-e25737-g1){#F1}

Of note, our strategy of studying the immunomodulatory potential of one specific drug by systematically investigating how it influences each immune cell population is complementary to high-throughput screening approaches for the identification of novel ICD inducers. Recently, Guido Kroemer's laboratory developed fluorescence microscopy-based assays allowing for the automated detection of calreticulin exposure and other ICD hallmarks.[@R10] By screening drug libraries with this system, cardiotonic glycosides were found to stimulate multiple signs of ICD and to synergize with non-ICD inducers in the elicitation of antineoplastic responses in vivo. However, this technique is not adapted to test the bystander effects that several chemotherapeutics exert on the immune system.

The use of BLM is hindered by severe adverse effects. In particular, repetitive injections of BLM have been associated with pulmonary fibrosis, an irreversible alteration linked to tissue inflammation as well as to the production of TGFβ by the bronchial epithelium. Thus, TGFβ stands out as a target for the treatment of pulmonary fibrosis. Our observations reveal that TGFβ also reduces the antineoplastic potential of BLM. Thus, targeting TGFβ or TGFβ-elicited signaling pathways may represent an efficient mean to enhance the efficacy of BLM as well as to prevent (or at least inhibit) its most dangerous side effect.

The opposite effects of BLM on antitumor immunity warrant further consideration. Current research focuses on the development of drugs that neutralize Treg or inhibit the TGFβ receptor, both such therapeutic approaches being under clinical investigation. By combining either of these strategies with BLM, we could kill two birds with one stone, as Treg and TGFβ are not only responsible for BLM-induced pulmonary fibrosis but also liable for its limited efficacy. In conclusion, targeting Treg, TGFβ or TGFβ-elicited signaling pathways may constitute an efficient approach to enhancing the antineoplastic potential of BLM while keeping under control its most dangerous side effect.
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